Electronic cigarette (e-cigarette) use is rapidly increasing among youth and adults despite limited information regarding the long-term risks or benefits. The potential impact of e-cigarette use on public health is complex. E-cigarettes are sometimes considered as smoking cessation aids and, to the extent that they are successful in this regard, could have a net population benefit for adult smokers. However, limited knowledge exists about the long-term health effects of e-cigarette use, and research has suggested these novel tobacco products may lead to initiation and continued use among vulnerable populations, including youth. The current review aimed to summarize trends and available scientific information about e-cigarette use, focusing on the potential cardiovascular health risks and benefits, characteristics associated with e-cigarette use, and critical areas for future investigation to inform the research and clinical work of psychologists. Psychologists have a leadership role in mitigating health risks from smoking behavior, and there is a need for rigorous research assessing the impact of e-cigarette use on population health. In addition, psychologists are uniquely qualified to understand the underlying processes regarding decision-making and behaviors around e-cigarette use. Collectively, the research of psychologists in this area can have a substantial impact on patient education, policies, and the development of prevention and intervention programs to promote public health.
Electronic cigarettes (e-cigarettes) are portable vaporizers that closely resemble cigarettes and are used to deliver nicotine vapor to users by heating a solution consisting of, but not limited to, propylene glycol or glycerol (glycerin), nicotine, and flavoring agents. Numerous devices and solutions are available, and they vary in their characteristics, including whether they are disposable or rechargeable, whether the user can control puff delivery and temperature, the specific constituents of the e-liquid, and nicotine doses of the e-liquid. These devices are sometimes referred to as electronic nicotine delivery systems (ENDS). E-cigarettes have been available in the United States since about 2007, with availability and use trailing that in other industrialized countries but rapidly increasing in recent years. Global use rates have increased exponentially (Gravely et al., 2014; McMillen, Gottlieb, Shaefer, Winickoff, & Klein, 2015) , even in the face of limited knowledge about the safety, risks, and potential efficacy of this product in reducing other tobacco use. Use has also increased significantly among youth and adolescents; as of 2015, as many as 16% of adolescent high school students in the United States had used e-cigarettes in the past 30 days . In response to the high rates of youth e-cigarette use, the U.S. surgeon general published a report that states that e-cigarette use among youth and young adults is now considered a major public health concern and emphasizes a need for greater prevention and education efforts to reduce e-cigarette use among youth (U.S. Department of Health and Human Services [USD-HHS], 2016) . Psychologists can play a critical role in de-veloping effective prevention campaigns and providing guidance for addressing tobacco use behaviors in their work as researchers and health care providers.
Although e-cigarettes are used by some as a smoking cessation or smoking reduction strategy, some e-cigarette users are current smokers who continue to smoke cigarettes. Concerns exist that e-cigarette availability may make it easier for smokers to continue smoking, because e-cigarettes may provide a nicotine bridge in situations when individuals are not permitted to smoke conventional cigarettes, such as in workplaces and public spaces (Yingst, Veldheer, Hammett, Hrabovsky, & Foulds, 2017) . Additionally, there are concerns that e-cigarette use among nonsmokers may increase the likelihood of initiating conventional cigarette smoking, as seen in longitudinal studies among youth (BarringtonTrimis et al., 2016; Doran et al., 2017; Leventhal et al., 2015; Miech, Patrick, O'Malley, & Johnston, 2017; Wills et al., 2017) . Thus, e-cigarette use has the potential to influence the initiation and continuation of tobacco use among youth and adult populations.
Given the changing landscape of tobacco use, continued research is needed to better understand the public health impact of e-cigarettes. The purpose of this review is to describe e-cigarette use patterns, discuss what is known regarding potential health risks and benefits, and review factors associated with e-cigarette use that could be used to inform prevention and intervention efforts. In 2016, the Food and Drug Administration (FDA) released the Deeming Rule, which extends its regulatory authority to other tobacco products including e-cigarettes (FDA, 2016) . To inform the regulation of e-cigarettes, the FDA will need further scientific evidence on the prevalence of use and factors influencing use, as well as information on the safety and efficacy of these products. The present review is not intended as a comprehensive summary of all e-cigarette research to date but rather emphasizes information that is most relevant and valuable to psychologists, who may have research and clinical responsibilities involving e-cigarette use and who have unique expertise in the behavioral sciences. We discuss information regarding the known and potential risks of e-cigarettes on cardiopulmonary health and present current research regarding e-cigarettes as potential smoking cessation devices. Finally, we present several ideas for future research in this area.
Prevalence Adults
Awareness and use of electronic cigarettes has increased exponentially among both adults and adolescents. In national population-based surveys of U.S. adults, almost 80% had heard of e-cigarettes (King, Patel, Nguyen, & Dube, 2015) , and rates of ever trying e-cigarettes rose from 3.3% in 2010 to 8.5% in 2013 (King et al., 2015) , with latest estimates rising above 12% in 2014 (Schoenborn & Gindi, 2015) . Additionally, over 6% of U.S. adults report using e-cigarettes in the past month (Hu et al., 2016) .
Rates of e-cigarette use are highest among adults who also use conventional cigarettes. In one large populationbased survey of U.S. adults, 63.4% of those who reported e-cigarette use were also current cigarette smokers (King et al., 2015) . Although some adults may be using e-cigarettes as a smoking cessation strategy, dual use of both e-cigarettes and conventional cigarettes is common, and many former smokers report continued use of e-cigarettes (Delnevo et al., 2016; King et al., 2015; Pechacek, Nayak, Gregory, Weaver, & Eriksen, 2016) . Although e-cigarettes have the potential to be less harmful than conventional cigarettes, scientific evidence to support this claim has been limited (Moore, McKee, & Daube, 2016; Shahab et al., 2017) . No long-term population-based studies of e-cigarette use and related health effects have been published, so it is unclear whether switching to e-cigarettes from cigarettes improves morbidity and mortality. Additionally, a portion of the adult population who have never smoked cigarettes report trying e-cigarettes (8.7% in 2013; King et al., 2015) , and the potential for negative health effects from exposure to nicotine or other chemicals in e-cigarettes among nonsmokers is concerning.
Youth
Adolescent populations have shown a similarly rapid increase in the use of e-cigarettes over time. Populationbased data from the National Youth Tobacco Survey estimate that over two million middle and high school students report current (past 30 days) use of e-cigarettes (Jamal et al., 2017) . E-cigarettes were the most commonly used tobacco product among middle school (4.3%) and high school (11.3%) students in 2016 (Jamal et al., 2017) . Additionally, data from the 2015 National Youth Tobacco Survey indicate that 32.1% of middle school and 38.4% of high school students who had never tried e-cigarettes were susceptible to future use, reporting that they might experiment with e-cigarettes in the future or use an e-cigarette if offered by a friend (USDHHS, 2016) . Similar rates of susceptibility have been observed in regional school-based survey studies (Krishnan-Sarin, , and susceptibility among youth who had previously never tried e-cigarettes predicts future e-cigarette initiation as soon as 6 months later .
Similar to the case with adult population-based studies, rates of e-cigarette use are high among youth who also experiment with or regularly use conventional cigarettes or other tobacco products (USDHHS, 2016) . In the 2012 National Youth Tobacco Survey, 76.3% of youth who reported This document is copyrighted by the American Psychological Association or one of its allied publishers.
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current (past 30 days) e-cigarette use were also smoking conventional cigarettes (Centers for Disease Control and Prevention [CDC], 2013) . Although rates of dual cigarette and e-cigarette use are high, some youth using e-cigarettes have never tried a conventional cigarette. Population-based data indicate that 20.3% of middle school and 7.2% of high school students who had tried e-cigarettes were completely naïve to conventional cigarettes (CDC, 2013) , and e-cigarettes are often the first tobacco product youth report trying (Hines, Fiala, & Hedberg, 2017) . In a large school-based survey of middle school students in Connecticut, more than 50% of youth reported that e-cigarettes were the first tobacco product they tried (Krishnan-Sarin et al., 2015) . These data raise concerns that some youth may be initially exposed to nicotine, a highly addictive drug, through e-cigarettes. Given the high rates of current use and susceptibility to future use, developing e-cigarette prevention and intervention efforts targeted to youth will be important (USDHHS, 2016).
Other Vulnerable Populations
Little is currently known about e-cigarette use among other vulnerable populations, including pregnant women and those with medical problems or existing disease. E-cigarette use in pregnancy is concerning, given extensive literature on the harmful effects of nicotine exposure to a developing fetus (Bruin, Gerstein, & Holloway, 2010; England, Bunnell, Pechacek, Tong, & McAfee, 2015; Spindel & McEvoy, 2016; USDHHS, 2014) . In fact, current guidelines (American College of Obstetricians & Gynecologists, 2011; Fiore et al., 2008; FDA, 2015) recommend precautions for even the therapeutic use of nicotine replacement products for smoking cessation among pregnant women due to the fetal health risks associated with nicotine exposure. Furthermore, evidence has indicated that nicotine concentrations achieved through e-cigarette use can be comparable to that through conventional cigarette use (Lopez et al., 2016; St. Helen, Havel, Dempsey, Jacob, & Benowitz, 2016) .
No national studies to date have examined rates of e-cigarette use among those with psychiatric or medical problems. One study conducted in the San Francisco Bay Area noted escalating rates of e-cigarette use among adult daily cigarette smokers with serious mental illness who were recruited during an acute psychiatric hospitalization (Prochaska & Grana, 2014) . Rates of e-cigarette use in this population rose from 0% in 2009 to 25% in 2013 (Prochaska & Grana, 2014) . Another study across five U.S. cities showed a similar increase in e-cigarette use among hospitalized smokers, with use rates rising from 1.1% in 2010 to 18.4% in 2013 (Rigotti et al., 2015) . The long-term effects of e-cigarette use among these vulnerable populations remain unknown.
Constituents and Health Effects of E-Cigarette
Devices and E-Liquids E-cigarette devices have changed substantially from their first introduction into the marketplace. The first-generation e-cigarettes, sometimes termed cig-a-like, were designed to look and feel like conventional cigarettes. Cartridges were sold separately and were filled with premeasured solutions of nicotine and other constituents. The next generation of e-cigarettes to come on the market were less similar in look to conventional cigarettes and included a chamber that could be filled with greater amounts of liquid solution. The most recent e-cigarettes on the market are variable in shape, size, and color and include a variety of customizable features, including larger capacity batteries that can heat the liquid (and consequently all aspects of the devices) to higher temperatures. Heating the e-liquid at higher temperatures produces more aerosol per puff and supplies more nicotine and other constituents (Talih et al., 2015) . Users may also develop or modify devices and constituents to dramatically impact the specific constituents that are delivered to the user (Brown & Cheng, 2014) .
Although e-cigarettes do not contain the thousands of chemicals found in conventional cigarettes, most do contain nicotine, which has known harmful effects on the cardiovascular and endocrine systems (Bhatnagar, 2016; Tweed, Hsia, Lutfy, & Friedman, 2012) , including increasing heart rate and cardiac contractility, increasing blood pressure, constricting cutaneous and coronary blood vessels, and potentially contributing to endothelial dysfunction (Balakumar & Kaur, 2009; Bhatnagar, 2016; Lippi et al., 2014; Putzhammer et al., 2016; Sajja, Rahman, & Cucullo, 2015) . These various effects of nicotine could, in theory, promote atherogenesis and precipitate acute ischemic events in people who have coronary artery disease. Nicotine exposure also alters airway physiology (Martin et al., 2016) and has a potential role in lung cancer (Rowell & Tarran, 2015) , and there are concerns that nicotine may be a tumor promoter (Grando, 2014) ; for example, exposure to nicotine during pregnancy may result in fetal neuroteratogenic effects (Wong, Barra, Alfaidy, Hardy, & Holloway, 2015) . Nicotine exposure during adolescent development is also concerning, given that the adolescent brain is known to be more sensitive to the rewarding effects of nicotine (Yuan, Cross, Loughlin, & Leslie, 2015) , and preclinical evidence has shown that nicotine interferes with the maturation of the prefrontal cortex (Bergstrom, McDonald, French, & Smith, 2008; Dwyer, McQuown, & Leslie, 2009) , an area of the brain that is crucial for cognitive control.
E-cigarette liquids typically contain, in addition to nicotine, other compounds, including propylene glycol and glycerin, which serve as solvents. Users can vary the proportion of these solvents to impact the nicotine delivery and density of the smoke cloud that is produced (Kosmider et al., 2014) . This document is copyrighted by the American Psychological Association or one of its allied publishers.
Both propylene glycol and glycerin are readily found in consumable products, such as food and cosmetics, and are generally considered safe to eat from an environmental exposure perspective. However, the potential health consequences of aerosolizing and inhaling these products is currently unknown. Perhaps as important, the consequences of heating these solvents to a high temperature to be vaporized could have potential health impacts (Jensen, Luo, Pankow, Strongin, & Peyton, 2015; Rowell & Tarran, 2015) . For example, at high temperatures these agents break down into toxic products like formaldehyde, acetaldehyde, acetone, and acrolein, which are inhaled in the resulting vapors (Bhatnagar, 2016; Farsalinos, Kistler, Gillman, & Voudris, 2015; Kosmider et al., 2014) . These compounds are known carcinogens that contribute to lung and cardiovascular disease (Bhatnagar, 2016; Kosmider et al., 2014) . Although it is not known whether the amounts of these compounds in the resulting vapors are sufficiently large enough to produce toxicological effects, the potential for high exposure exists, especially when e-cigarette devices are used for behaviors like vape tricks (Kong, Morean, Cavallo, Camenga, & Krishnan-Sarin, 2015) and "dripping" Talih, Balhas, Salman, Karaoghlanian, & Shihadeh, 2016) , which deliberately expose e-liquids to high temperatures to create a thicker vapor. For example, dripping involves vaporizing the e-liquid at high temperatures by applying e-liquid directly onto an atomizer to saturate the wick prior to heating. Furthermore, it is quite difficult to ascertain the specific health risks posed to an individual e-cigarette user because the voltage and temperature can be customized on newer devices, likely resulting in wide variability in potential toxicant exposure across e-cigarette users. Additional research is needed to understand the potential toxicant exposure from e-cigarette use, especially when devices are used for alternative behaviors, such as dripping or vape tricks. Finally, flavorings are often included in e-cigarette liquids, with more than 7,000 unique flavors available on the market (Zhu et al., 2014) . Although many of the flavoring additives in e-liquids are determined to be safe when orally ingested, they have not generally been evaluated for safety when heated and inhaled as an aerosol. However, some of the chemicals in e-liquid flavors are harmful when inhaled and have known toxicity profiles (Kosmider et al., 2016; Lerner et al., 2015) . For example, some of the cinnamon flavors contain high levels of cinnamaldehyde, which is known to be cytotoxic (Behar et al., 2014) and is sometimes added specifically to mimic the irritant properties of cigarette smoke. Similarly, some flavors contain diacetyl, which causes an irreversible and potentially fatal respiratory disease (bronchiolitis obliterans), and the same chemical is produced when added as a buttery popcorn flavoring and vaporized in e-cigarette solutions (Farsalinos et al., 2015) .
A related public health concern is the potential for passive exposure to the compounds emitted in e-cigarette vapors or exhaled air from the user when puffing on an e-cigarette. Current research has been limited but suggests the typical e-cigarette emissions include nicotine, glycols, carbonyls, volatile organic compounds, polycyclic aromatic hydrocarbons, and tobacco specific nitrosamines (McAuley, Hopke, Zhao, & Babaian, 2012) . Another study identified metal and silicate particles in e-cigarette emissions that are known to cause respiratory distress and disease (M. Williams, Villarreal, Bozhilov, Lin, & Talbot, 2013) . Characteristics of e-cigarette emissions depend in part on the temperature at which the e-liquids are vaporized; the concentration of the vapor; and smoking topography of the user, such as inhalation intensity. Further research characterizing the health effects from passive e-cigarette vapor exposure will be critical for developing public health policies.
Effects of E-Cigarettes on Smoking Cessation
Although e-cigarettes are not FDA-approved for smoking cessation, smokers of conventional cigarettes often believe using e-cigarettes may help them quit. Several reviews and meta-analyses have examined the available evidence for e-cigarettes as smoking cessation aids (Grana, Benowitz, & Glantz, 2014; Kalkhoran & Glantz, 2016; Hartmann-Boyce, 2016) , and we discuss some of the findings next.
Observational Population-Based Studies
Findings from population-based studies have been mixed. Whereas some studies have reported lower rates of smoking cessation success among e-cigarette users (e.g., Al-Delaimy, Myers, Leas, Strong, & Hofstetter, 2015; Christensen, Welsh, & Faseru, 2014; Pearson et al., 2015; Vickerman, Carpenter, Altman, Nash, & Zbikowski, 2013) , other studies have indicated the rates of quitting are not significantly different between smokers who use e-cigarettes compared to nonusers (e.g., Adkison et al., 2013; Choi & Forster, 2014; Grana, Popova, & Ling, 2014; Manzoli et al., 2015; Prochaska & Grana, 2014) . However, there are several challenges in synthesizing the information across studies. For example, there is wide variability in the types of e-cigarette products used as well as the frequency or duration of use. It is possible that smoking cessation success is impacted by the characteristics of the e-cigarette device and/or how it is used.
Two longitudinal studies addressed this issue by examining e-cigarette type or frequency of use as predictors of smoking cessation success. In a longitudinal study of 1,643 cigarette smokers in Great Britain, the association between e-cigarette use and smoking cessation success varied based on the product (e.g., disposable cig-a-like or refillable tank devices) and frequency of e-cigarette use (Hitchman, Brose, This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Brown, Robson, & McNeill, 2015) . Nondaily and daily users of disposable cig-a-like e-cigarettes and nondaily users of tank devices had lower odds of quitting smoking compared to those who did not use e-cigarettes, and daily tank users had significantly greater odds of successfully quitting at the 1-year follow-up. However, after controlling for nicotine dependence and other demographic factors, the odds of quitting among daily and nondaily e-cigarette users did not differ from nonusers (Brose, Hitchman, Brown, West, & McNeill, 2015) . Results from another populationbased survey in two U.S. metropolitan areas indicated that smoking cessation success may be greater when e-cigarettes are used more frequently. Those who used e-cigarettes daily for at least one month had greater odds of quitting conventional cigarettes compared to those who did not use e-cigarettes or those who tried e-cigarettes no more than twice. By comparison, intermittent users, defined as those who used e-cigarettes regularly but not daily for more than one month, had the same odds of quitting smoking as did nonusers (Biener & Hargraves, 2015) . Although these findings lend initial support to the notion that e-cigarette use may enhance quitting success, the strength of these findings is substantially limited by the low follow-up rate. Given the variability in study design and different ways that e-cigarette use is quantified across these cross-sectional and longitudinal studies, it is difficult to reach strong conclusions about the association between e-cigarette use and smoking cessation success. Whereas some smokers of conventional cigarettes may be intentionally using e-cigarettes during a motivated quit attempt (e.g., Adkison et al., 2013; Vickerman et al., 2013) , others may be using e-cigarettes for other reasons, such as using them in places where cigarette smoking is banned. Furthermore, many studies do not control for other confounds, such as level of nicotine dependence, among smokers. More dependent smokers may be those who have failed with previous quit attempts or cessation aids and may be more likely to try e-cigarettes, which may influence the observed rates of success. Composite odds ratios from a meta-analysis that controlled for potential confounds, including nicotine dependence and interest in quitting smoking, indicate significantly lower odds of quitting cigarettes among e-cigarette users, compared to non-ecigarette users (Kalkhoran & Glantz, 2016) . It will be important for future studies to consider these potential confounds when investigating e-cigarette use during cessation attempts.
Randomized Controlled Trials
Clinical trials comparing e-cigarettes head-to-head to other cessation aids are needed to better understand the efficacy of e-cigarettes for quitting smoking. To date, only two randomized controlled trials (RCTs) have published data comparing cessation outcomes at 6 months or longer (Bullen et al., 2013; Caponnetto et al., 2013) . One additional RCT (Adriaens, Van Gucht, Declerck, & Baeyens, 2014) was not included in the Cochrane meta-analysis (HartmannBoyce, 2016), because primary outcomes were evaluated only at 8 weeks, not 6 months.
One RCT compared two doses of nicotine-containing e-cigarettes to a no-nicotine control among 300 adult smokers in Italy (Caponnetto et al., 2013) . Smokers were randomly assigned to one of three double-blind e-cigarette conditions: (a) consistent nicotine dose (12 weeks using 7.2 mg nicotine e-cigarette), (b) decreasing nicotine dose (6 weeks 7.2 mg followed by 6 weeks 5.4 mg), and (c) nonicotine control (12 weeks). Smokers in all three groups significantly reduced their cigarettes per day throughout the study, and there were no statistically significant differences in median cigarettes per day or quit rates at 6-month and 1-year follow-ups among the three groups. A strength of this study, compared to others (e.g., Adriaens et al., 2014) , is including a no-nicotine control group, which essentially allows for comparisons between active doses of nicotinecontaining e-cigarettes and a placebo control. However, smokers in the Caponnetto et al., (2013) study were not necessarily interested in quitting smoking, so it is unknown whether these results would generalize to a motivated sample of treatment-seekers.
A separate RCT tested the effectiveness of e-cigarettes for cessation among 657 smokers in New Zealand who were motivated to quit smoking (Bullen et al., 2013) . Smokers were randomized to receive nicotine e-cigarettes (16 mg), nicotine patches (21 mg), or no-nicotine e-cigarettes as a control group. All participants were offered telephone counseling. Results indicated a higher percentage of those in the nicotine e-cigarette group (57%) reduced their cigarettes per day at 6 months compared to the patch group (41%, p ϭ .002) and no-nicotine e-cigarette group (45%, p ϭ .08). Although use of e-cigarettes appeared to reduce conventional cigarette consumption, it did not significantly improve continuous abstinence rates compared to the other conditions from the quit day to 6-month follow-up. Although this study has several strengths, such as comparing e-cigarettes to an established smoking cessation aid (nicotine patch) and biochemically confirming quit rates with expired breath carbon monoxide, it is important to also consider how study design may influence differences between groups. For example, e-cigarettes were provided directly to participants in this group, whereas nicotine patches had to be obtained with vouchers at a pharmacy, which may have increased participant burden or reduced compliance in the patch condition. Indeed, participants in the nicotine patch group were less adherent to the treatment overall, with only 46% reporting use of the product at the follow-up assessment 1 month after the quit day, whereas 78% and 82% reported use of the nicotine and placebo e-cigarettes, respectively. This document is copyrighted by the American Psychological Association or one of its allied publishers.
A Cochrane review pooled the results of these two RCTs to compare the effect of nicotine containing e-cigarettes to no-nicotine e-cigarettes (Hartmann-Boyce, 2016). Results from the pooled meta-analysis indicated smokers who used nicotine containing e-cigarettes had greater odds of achieving at least a 50% reduction in cigarettes per day and of stopping smoking, compared to placebo e-cigarettes. However, the effect size estimate was quite small (5%), and the authors concluded that the current evidence that e-cigarettes help smokers to stop smoking is of low quality. Thus, additional RCTs with extended follow-up periods are required to establish whether e-cigarettes are effective cessation aids for current cigarette smokers. Furthermore, the two studies included in the Cochrane meta-analysis (Bullen et al., 2013; Caponnetto et al., 2013) utilized first-generation e-cigarette (cig-a-like) devices that have now been replaced by newer models that are more efficient at nicotine delivery, so newer studies may help evaluate the potential utility of these advanced generation devices for smoking cessation. A search of clinicaltrials.gov indicates several RCTs evaluating e-cigarettes for smoking cessation are currently under way.
Youth Studies of Smoking Cessation
To date, no published randomized controlled trials have evaluated the use of e-cigarettes to quit smoking conventional cigarettes among youth. Evidence from youth survey studies and observational young adult cessation studies have indicated a potential negative effect of e-cigarettes on cessation: E-cigarette use is associated with greater intentions to smoke cigarettes (McCabe, Veliz, McCabe, & Boyd, 2017; Park, Seo, & Lin, 2016) , lower intentions to quit cigarette smoking (Huang et al., 2016) , and a lower likelihood of achieving abstinence from cigarettes (Gmel, Baggio, Mohler-Kuo, Daeppen, & Studer, 2016; Huang et al., 2016; Unger, Soto, & Leventhal, 2016) . Although e-cigarettes are often perceived to be smoking cessation devices, few youth cite quitting conventional cigarettes as a reason for using e-cigarettes (USDHHS, 2016), and data have indicated many youth e-cigarette users have never tried conventional cigarettes (CDC, 2013) . Accordingly, there are concerns that e-cigarette use among tobacco-naïve youth may expose youth to nicotine and actually promote the uptake of conventional cigarette use, supported by results from national and longitudinal survey studies (Barrington-Trimis et al., 2016; Leventhal et al., 2015; Wills et al., 2017) . Nationally representative survey data from Monitoring the Future have indicated that youth who had used e-cigarettes but had not smoked cigarettes were over 4 times more likely to report initiating cigarette use at follow-up 1 year later, compared to those who had not used e-cigarettes (Miech et al., 2017) . These results held even after controlling for other known sociodemographic factors (e.g., sex, race, parental education) related to e-cigarette and conventional cigarette use. Additional analyses in the longitudinal study by Wills et al. (2017) Results from young adult samples have also demonstrated a similar pattern, where e-cigarette use is positively associated with initiating cigarette smoking over time (Gmel et al., 2016; Primack, Soneji, Stoolmiller, Fine, & Sargent, 2015) . Together, these data indicate that youth who use e-cigarettes are at significant risk to start smoking cigarettes.
Clinical Implications
Although sufficient data do not currently exist to support e-cigarette use for quitting smoking, some studies have indicated that smokers of conventional cigarettes reduce their overall number of cigarettes smoked per day when using e-cigarettes (e.g., Adkison et al., 2013; Brose et al., 2015; Bullen et al., 2013) . At the same time, other studies have observed that dual users of e-cigarettes and conventional cigarettes actually smoke more cigarettes, not fewer , and more frequent use of e-cigarettes is associated with heavier cigarette smoking in youth . It is difficult to ascertain whether reductions in cigarette use as a result of using e-cigarettes would result in overall harm reduction among smokers. On the one hand, decreasing exposure to smoke and chemicals in conventional cigarettes may be beneficial, but the use of e-cigarettes may also make it possible for smokers to continue smoking by providing a nicotine bridge during circumstances when conventional cigarette smoking is not possible. If e-cigarettes are not effective in promoting abstinence from conventional cigarettes and smokers continue to be exposed to the harmful effects of conventional cigarettes, there may be no ultimate harm reduction. Indeed, the duration of smoking conventional cigarettes has a greater influence on health consequences than does the intensity of smoking (Lubin et al., 2007; Pandeya et al., 2008) , so continued smoking of conventional cigarettes at any level likely poses increased health risk. Furthermore, the negative effects of smoking on health risk are nonlinear, such that even light smoking (i.e., one-four cigarettes per day) produces significantly elevated cardiovascular risk (Inoue-Choi et al., 2017; Pope et al., 2009 ) and markedly increases cancer risk (Inoue-Choi et al., 2017) . Use of e-cigarettes to reduce the number of cigarettes smoked per day will likely have a smaller benefit on overall morbidity and mortality compared to completely quitting smoking. In addition, given the potential negative health effects from This document is copyrighted by the American Psychological Association or one of its allied publishers.
e-cigarette use noted earlier, it may be wise to encourage the use of evidence-based methods for quitting smoking (see the Clinical Practice Guidelines, Fiore, et al., 2008) until more data on the long-term effects of e-cigarette use are available.
Factors Influencing E-Cigarette Use
Given the high rates of e-cigarette use and potential negative health effects previously reviewed, examining personal (e.g., demographics, substance use, psychosocial influences) and external (e.g., appeal of the product, advertising, regulatory policies) factors related to e-cigarette use may be important for developing prevention and intervention efforts.
Demographic Factors
In terms of race and ethnicity, e-cigarette use rates appear to be highest among Hispanics and non-Hispanic Whites compared to Black or African American youth and adults (Hu et al., 2016; King et al., 2015; Schoenborn & Gindi, 2015; USDHHS, 2016) . However, the data so far are limited, and more research is needed to better understand how cultural and environmental factors influence e-cigarette use by race or ethnicity.
Data from school-based and national surveys have consistently shown higher rates of e-cigarette use among male compared to female individuals across middle school, high school, and college (Krishnan-Sarin et al., 2015; Saddleson et al., 2015; USDHHS, 2016) . However, the data are more mixed among adults. Some evidence has suggested more men report previously trying or currently using (in the past 30 days) e-cigarettes (Agaku et al., 2014; Hu et al., 2016 ), compared to women, whereas other studies have indicated similar use rates between men and women (Schoenborn & Gindi, 2015) or higher use rates among women (King et al., 2015) . This latter study showed that women have greater odds of ever trying e-cigarettes and of currently using e-cigarettes in the past month, relative to men, after controlling for demographic and other factors. Thus, e-cigarette use rates by gender may be influenced by how e-cigarette use is assessed as well as other demographic factors.
Few studies have examined e-cigarette use by sexual orientation. One study using the National Adult Tobacco Survey in 2012-2013 reported e-cigarette use rates were over 2 times higher among those who identify as lesbian, gay, or bisexual (9.7%) compared to heterosexual (4.1%; Agaku et al., 2014) . More research is greatly needed to understand the patterns and effects of e-cigarette use in these populations.
Other Substance Use
E-cigarette use is highly associated with not only concurrent tobacco use but also other substance use among youth and adults. In a large school-based survey of high school students in Hawaii, youth using e-cigarettes were more likely to also use alcohol and marijuana (Wills, Knight, Williams, Pagano, & Sargent, 2015) . Similar results are seen in surveys of young adults and college students (Cohn et al., 2015; Littlefield, Gottlieb, Cohen, & Trotter, 2015; Saddleson et al., 2015; Sutfin, McCoy, Morrell, Hoeppner, & Wolfson, 2013) . Additionally, e-cigarettes can be used to vape marijuana (Giroud et al., 2015) , and a survey study observed that 18% of youth who had ever used e-cigarettes reported using these devices to vape marijuana (Morean, Kong, Camenga, Cavallo, & Krishnan-Sarin, 2015) ; similar rates were observed in an adult sample (Morean, Lipshie, Josephson, & Foster, 2017) . Although much remains to be understood about the health effects of e-cigarettes, these findings raise important public health concerns, such as the negative health effects of concurrent use of alcohol or other drugs and the potential to use e-cigarettes for purposes other than vaping nicotine-containing liquids. Examining the impact of e-cigarette use on the use of other substances will be an important area for future research.
Psychosocial Influences
Identifying psychosocial influences related to e-cigarette use may help predict future trends in e-cigarette use and guide preventative interventions. A school-based survey of high school students identified several psychosocial factors that were positively associated with e-cigarette use, factors including sensation seeking or rebelliousness, peer smoking, and positive smoking expectancies (e.g., "smoking helps you feel more confident"; Wills et al., 2015) . A separate survey of 11th and 12th grade students in Southern California also showed that positive e-cigarette social environments (i.e., e-cigarette use by friends or others at home or positive response from friends about e-cigarette use) were strongly associated with e-cigarette use (BarringtonTrimis et al., 2015) . Other young adult samples have reported similar findings that peer use (Choi & Forster, 2013) and greater sensation seeking are related to e-cigarette use. On the other hand, several protective factors, including parental support and monitoring, better academic performance, and greater behavioral and emotional self-control, were related to lower rates of e-cigarette use (Wills et al., 2015) . Although relatively few studies to date have examined psychosocial risk factors for e-cigarette use, this area of research will be critical for developing effective prevention and intervention efforts. For example, these findings suggest that enhancing parental awareness and monitoring or developing health communication strategies to modify positive smoking expectancies or social This document is copyrighted by the American Psychological Association or one of its allied publishers.
norms about e-cigarette use might be needed to prevent e-cigarette use among youth. Furthermore, no published research investigates psychosocial influences on e-cigarette use in adults. As e-cigarette awareness and use change over time, additional research on psychosocial factors related to use will be needed.
Appeal of E-Cigarette Product
Youth may be particularly susceptible to e-cigarette use, given that certain novel characteristics of the products are especially appealing to adolescents and young adults. For example, focus groups indicate e-cigarettes are appealing to youth because of their look and design and the ability to do smoke tricks with the e-cigarette vapor . The variability in product type and ability to customize product features, such as the color, voltage, or temperature, may also be appealing to youth (Brown & Cheng, 2014) . Additionally, in contrast to conventional cigarettes, where all characterizing flavors (i.e., a distinguishable taste) except menthol have been banned, e-cigarettes are available in over 7,000 flavors (Zhu et al., 2014) . Research has indicated that appealing flavors are a top reason youth cite for first trying e-cigarettes , and national survey data indicate that 81.5% of youth e-cigarette users report flavors as the leading reason for current (past 30 days) e-cigarette use (Ambrose et al., 2015) . Although reports have indicated adults also use e-cigarettes with flavors other than tobacco, sweet flavors in particular (e.g., fruit, candy) are most often tried and preferred by youth (Harrell et al., 2017; Krishnan-Sarin et al., 2015) . Similar sweet characterizing flavors were previously banned in conventional cigarettes, given concerns that these products were especially appealing to youth and increased the risk of initiation and development of nicotine addiction (USDHHS, 2012) . Without regulation, the availability of e-cigarettes in a variety of unique flavors may pose a similar risk.
Advertising
Marketing can influence both the decision to use e-cigarettes and knowledge about the risks and benefits. Whereas cigarette and tobacco companies have been prohibited from marketing on TV and radio since the 1970s, e-cigarette marketing is more widespread, possibly contributing to the high rates of e-cigarette use. The reported advertising spending of e-cigarette companies rapidly increased from $3.6 million in 2010 to $125 million in 2014 (Kornfield, Huang, Vera, & Emery, 2015) . Additionally, national data indicate over 18.3 million youth were exposed to e-cigarette ads in 2014: across retail stores (52.8%), online (35.8%), on TV and in movies (34.1%), and in print ads in newspapers and magazines (25.0%; Singh, Marynak, et al., 2016) .
Tobacco product advertising is known to influence product initiation and perceptions of use (USDHHS, 2012) . One of the more common claims on e-cigarette retail sites is that e-cigarettes are "healthier" or "cleaner" than regular cigarettes Zhu et al., 2014) , and many youth and adults endorse perceptions that e-cigarettes are healthier than regular cigarettes Saddleson et al., 2015; Wills et al., 2015) , despite the lack of empirical evidence supporting these claims. The widespread visibility of e-cigarette ads with untested claims and appealing features may influence e-cigarette use, especially among vulnerable populations. For example, individuals who perceive e-cigarettes as less harmful are significantly more susceptible to future use (Saddleson et al., 2015) , and many e-cigarette ads display bright colors or fruit or candy images depicting the flavor, which may be highly appealing to youth (Zhu et al., 2014) . As the tobacco use landscape continues to evolve, considering the impact of e-cigarette marketing on use behavior will be critical for informing regulatory efforts.
E-Cigarette Regulations
The passage of the Family Tobacco Prevention Act United States 111th Congress, 2009 in 2009 gave the FDA the authority to regulate several tobacco products (e.g., cigarettes, cigarette tobacco, roll-your-own tobacco, and smokeless tobacco), and the FDA's regulatory authority was extended to include e-cigarette products in 2016 (FDA, 2016) . This rule gives the FDA the authority to regulate the manufacturing, distribution, and marketing of e-cigarette devices and e-liquids. Specifically, this rule requires health warnings on e-cigarettes and bans free samples. In addition, all manufacturers (including vape shops that create and sell blends of e-liquids) have to receive authorization from the FDA to manufacture and distribute e-cigarettes. The rule also restricts the sale of e-cigarette devices to adults (at least 18 years old), requiring ID verification to prevent underage youth from being able to purchase these products, and restricts the sale of tobacco products in vending machines (except in adult-only venues). At the state level, many states have enacted similar regulations to prevent the sale of e-cigarettes to minors. However, a significant portion of e-cigarette sales occur in online markets (Zhu et al., 2014) , and underage youth often obtain e-cigarettes online (Kong, Morean, Cavallo, Camenga, & Krishnan-Sarin, 2017) because few online vendors require age verification (R. S. Williams, Derrick, & Ribisl, 2015) . Better methods to monitor and prevent the sale of tobacco products online to minors are needed. Additionally, the Deeming Rule and most state laws do not place restrictions on flavors or e-liquids that do not contain nicotine or a tobacco derivative. This raises concerns that e-cigarettes may remain appealing to youth, given the many unique flavors and potenThis document is copyrighted by the American Psychological Association or one of its allied publishers.
tial to use e-cigarettes for behaviors that may or may not be related to nicotine content, such as using e-cigarettes for smoke tricks, dripping, or to vape other substances such as marijuana.
Conclusions and Future Research
As summarized in this review, ongoing research on e-cigarette use patterns and potential health effects will be critical for advancing the understanding of e-cigarettes and informing the development of effective intervention and prevention efforts. At this time, e-cigarette use remains prevalent among both adults and youth, including those who are not current users of conventional cigarettes. Although the data are currently limited, if additional research indicates that e-cigarettes are effective in helping people quit smoking, the widespread access, awareness, and use of these products could translate to increased quit attempts in the population of smokers. At the same time, the widespread use of e-cigarettes may undermine significant advances that were made to change public perceptions of smoking behavior by allowing smokers to bypass smoking bans, potentially making it more difficult to quit smoking for good. Currently, there is wide variability in product design and use and a lack of sufficient evidence to support therapeutic instructions for optimal use. If continued research supports e-cigarettes for smoking cessation, it will be critical to determine the adequate dosage and duration of e-cigarette use to promote cessation, as well as how e-cigarettes can be combined with other cessation aids or counseling and how and when e-cigarettes should be discontinued after quitting. If e-cigarettes are intended to be smoking-cessation devices for adult smokers interested in quitting, the need for the variability in devices, e-liquid flavors, and additives should be considered, as well as how these product features influence initiation and continued use among other vulnerable populations, including youth.
Psychologists can play a critical role as researchers and health care providers in mitigating health risks from smoking behavior and examining the underlying processes regarding e-cigarette behaviors. Collectively, the work of psychologists can have a substantial impact on patient education, regulatory policies, and the development of prevention and intervention programs to promote public health. For example, in the absence of additional data from welldesigned randomized controlled trials evaluating e-cigarette use for cessation, clinical providers may consider encouraging the use of evidence-based cessation aids, including behavioral support and pharmacotherapy, to individuals looking to stop smoking cigarettes (Cahill, Stevens, Perera, & Lancaster, 2013; Fiore et al., 2008) . Additionally, although evidence supports the effectiveness of several prevention and intervention campaigns in reducing the prevalence of conventional cigarette use (e.g., community or school-based educational campaigns, statewide tobacco control programs, mass media campaigns; USDHHS, 2012), it will be important to evaluate the extent to which these strategies can be expanded or adapted to prevent the initiation and continued use of e-cigarettes among youth or other vulnerable populations.
Furthermore, it will be important for the health care community to remain informed about emerging research on e-cigarette use and associated health risks, especially in light of information summarized here suggesting the potential for adverse cardiovascular and pulmonary effects from exposure to nicotine and inhalation of chemicals in e-cigarette vapors. There is still much to be learned about behaviors associated with e-cigarette and e-liquid use and their potential health effects that may also influence the risk-benefit ratio for current users of conventional cigarettes who are considering switching to e-cigarette use. Future research needs to examine both the acute and chronic influences of various e-liquid components on cardiovascular and pulmonary functions. These studies should keep the rapidly changing e-cigarette market in perspective and examine existing as well as new and emerging e-cigarette devices and novel modifications of these devices. Psychologists from many different fields can have a critical role in continuing to advance research and potential clinical interventions in this area.
